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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31 , 2006 

Amendments to the Claims 

This listing will replace all prior versions and listings of claims in the application: 
Listing of the Claims 

Claim 1 . (currently amended) A closed air gap interconnect structure 
comprising: 

at least two conductive interconnect lines separated by an air gap^ and support ed 
und e rn e ath by a p l urality of r e gions of a- pobu ^ t -s^ p e rt - d io loctric dispos e d only 
und o r nea t h - sa i d - mteroonnect lines and not b e n e ath th e ai^gapi 

whoro i n a t least one of said lin e s is conn e ct e d to at lea&t^ c - eo n duot i ng via 
which to oncaGod in oa tet-Fekust- support diel e ctr i c; 

whoroin oaid l i nco oro w herein at least one of said lines is co n nected to at least 
one conducting via, wherein said lines are supported underneath by a plurality of 
regions made of a robust support dielectric and capped on top by a cap layer; 

said cap fayer_comorising an array of holes, there being a pluralitv of said holes 
disposed over said air gap? 

w herein said r e gi eno of robust support di e l e ctric form a ^r - fay - of p i llars; and 

wh e r e in said region s of robust support die le ctr i c form support - booms that l i e 
bolow cakJ -i nterconnect lin e s and encase at l east one of said oonduoting-v ie, 

Claim 2, (original) An interconnect structure according to Claim 1, wherein said 
conductive interconnect and said conductive via comprise a conductive liner and a 
conductive fill material. 
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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31, 2006 

Claims 3-4. (canceled) 

Claim 5. (original) An interconnect structure according to Claim 1, wherein said 
regions of robust support dielectric form a support plate that lies below said interconnect 
lines and encase at least one of said conducting via. 

Claim 6. (currently amended) An interconnect according to Claim 1 , wherein 
said cap l ay e r is a di ele ctric bon teF-eemp rising a r e gu l ar array of hol e s which holes are 
closed off with same or different dielectric barrier material. 

Claim 7. (currently amended) A closed air gap interconnect structure 
comprising: 

a substrate; 

a first sacrificial dielectric coated on said substrate, said first coated sacrificial 
dielectric having therein a patterned set of support regions formed by lithography and 
filled and planarized with a robust line support dielectric, said first sacrificial dielectric 
having therein contact via holes patterned by reactive ion etching; 

a second sacrificial dielectric coated on said first sacrificial dielectric and said 
filled and planarized support regions, said second sacrificial dielectric having 
lithographically patterned line trenches; 

a conductive material filled into said line trenches and said via holes and 
planarized; and 

a stencil with a regular array of holes on said filled line trendies and said second 
sacrificial dielectric; 
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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31 1 2006 

wherein said first and second sacrificial dielectrics have been extracted to form 
air gaps and said regular array of holes have been closed off by depositing a cap 
dielectric thereby forming said closed air gap interconnect structure^ 

said cap layer comprising an array of holes, there being a plurality of said holes 
disposed over said air qapr 

wh e rein sa i d reg i ons of robust t ine - suppo rt di e l ectric form an array of pi l lars; and 



Claim 8. (currently amended) A closed air gap interconnect structure 
comprising: 

a substrate; 

a first sacrificial dielectric coated on said substrate, said first coated sacrificial 
dielectric having therein a patterned set of support regions formed by lithography and 
filled and planarized with a robust line support dielectric, said first sacrificial dielectric 
having therein contact via holes patterned by reactive ion etching; 

a second sacrificial dielectric and an optional hard mask layer disposed on said 
second sacrificial dielectric; said second sacrificial dielectric and said hard mask having 
lithographically patterned line trenches; 

a conductive material filled into said line trenches and said via holes and 
planarized such that top of the filled conductive material is substantially coplanar with 
the top surface of said optional hard mask; 

an optional first dielectric cap layer disposed on said hard mask layer; and 

a stencil with a regular array of holes on top of said cap layer, wherein said 
regufar array of holes have been transferred into said first cap layer and said hard mask 
layer by a reactive ion etch process; 





^Rd K bfOtfFI^""V4a ■ 
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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31, 2006 

wherein said first and second sacrificial dielectrics have been extracted to form 
air gaps and a second dielectric cap has been deposited to pinch off the tops of said 
regular array of holes in said first cap layer thereby closing off said regular array of 
holes forming said closed air gap interconnect structure; 

said cap laver comprising an array of holes, there being a plurality of said holes 
disposed over said air gap i 

wh e r ei n sa i d regions of robust lino oupport diel e ctric form an array of pillars; and 

wh e r e in said r e gions of robust lin e support diel e ctric form support b e ams that l i e 
betew- said i nterconn e ct lin e s and e noas e at le ast on e of said conduct i ng via . 

Claim 9. {currently amended) A closed air gap interconnect structure 
comprising: 

a substrate; 

a first sacrificial dielectric coated on said substrate, said first coated sacrificial 
dielectric having therein a patterned set of support regions by lithography and filled and 
planarized with a robust line support dielectric, said first sacrificial dielectric having 
therein contact via holes patterned by reactive ion etching; 

a second sacrificial dielectric and an optional hard mask layer disposed on said 
second sacrificial dielectric coated on said first sacrificial dielectric, said second 
sacrificial dielectric and said hard mask having lithographically patterned line trenches; 

an optional thin conformal dielectric passivation liner layer deposited on said 
contact via holes and said line trenches; 

a conductive material filled into said line trenches and said via holes and 
planarized such that top of the filled conductive material is substantially coplanar with 
the top surface of said hard mask; 

an optional first dielectric cap layer disposed on said hard mask layer; and 
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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31 . 2006 

a stencil with a regular array of holes on top of said first cap layer, wherein said 
regular array of holes have been transferred into said cap layer and said hard mask 
layer by a reactive ion etch process; 

wherein said first and second sacrificial dielectrics have been extracted to form 
air gaps and an optional second dielectric cap has been deposited to pinch off the tops 
of said regular array of holes in said first cap layer thereby closing off said regular array 
of holes forming said closed air gap interconnect structure; 

said cap layer comprising an array of holes, there being a plurality of said holes 
disposed over said air gapy 

w^refR-ssHd- ro giono o f ro bust lino support die l ectric form an a rray of p i llars; an d 

wh e rein s a id region s of robust lin e support d i oloc t ric form s upport beams that li e 
b el ow s ai d interconnect lin es and e nea se- at l ooot ono of sa i d conduct i ng v i a . 

Claim 10. (currently amended) A closed air gap interconnect structure 
comprising: 

a substrate; 

a first sacrificial dielectric coated on said substrate, said first coated sacrificial 
dielectric having therein a patterned set of support regions by lithography and filled and 
planarized with a robust line support dielectric, said first sacrificial dielectric having 
therein contact via holes patterned by reactive ion etching; 

a second sacrificial dielectric coated on said first sacrificial dielectric and said 
filled and planarized support regions, said second sacrificial dielectric having 
lithographically patterned line trenches; 

a conductive material filled into said line trenches and said via holes and 
planarized; 
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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31, 2006 

an optional conductive material cap disposed on top surfaces of said conductive 
material filled into said trenches; and 

a stencil with a regular array of holes on said line trenches and said second 
sacrificial dielectric and said optional conductive material cap; 

wherein said first and second sacrificial dielectrics have been extracted to form 
air gaps and said regular array of holes have been closed off by depositing a cap 
dielectric thereby forming said closed air gap interconnect structure; 

said cap layer comprising an array of holes, there beina a plurality of said holes 
disposed over said air gapj 

wher e in said regions of robust l i n e support diel e ctric fo iw^ fi -opfa y - of - p il lars; and 

w h o r o in sa teko ff i o no o f robust li ne support d iele ctric form support boamc that li e 
b o low sai d intorconnoot-tinos and encase at l east one of sa i d conduct i rvg - vi a. 

Claim 1 1 . (currently amended) A closed air gap interconnect structure 
comprising: 

a substrate; 

a first sacrificial dielectric coated on said substrate, said first coated sacrificial 
dielectric having therein a patterned set of support regions by lithography and filled and 
planarized with a robust line support dielectric, said first sacrificial dielectric having 
therein contact via holes patterned by reactive ion etching; 

a second sacrificial dielectric and an optional hard mask layer disposed on said 
second sacrificial dielectric coated on said first sacrificial dielectric, said second 
sacrificial dielectric and said hard mask having lithographically patterned line trenches; 

a conductive material filled into said line trenches and said via holes and 
planarized such that top of the filled conductive material is substantially coplanar with 
the top surface of said hard mask; 

8 



PAGE 12/24 * RCVD AT 5/31/2006 3:40:19 PM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-1/19 * DNIS:2738300 * CS!D:2033276401 1 DURATKJH (mitKS):W-38 



05/31/200B 15:25 2033276401 



□GRP 



PAGE 13/24 



U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31, 2006 

an optional conductive material cap disposed on top surfaces of said conductive 
material filled into said trenches; 

an optional first dielectric cap layer disposed on said hard mask layer and said 
conductive material cap; and 

a stencil with a regular array of holes on top of said first dielectric cap layer, 
wherein said regular array of holes have been transferred into said first dielectric layer 
and said hard mask layer by a reactive ion etch process; 

wherein said first and second sacrificial dielectrics have been extracted to form 
air gaps and a second dielectric cap has been deposited to pinch off the tops of said 
regular array of holes in said first cap layer thereby closing off said regular array of 
holes forming said closed air gap interconnect structure; 

said cap layer comprising an array of holes, there being a plurality of said holes 
disposed over said air gatn 

wherein said regions of robu s t- l in e-suppo rt di el ectr i c form a n array o f p il l a r s ; and 

where i n sa i d reg i ons of robust l ino support d ie l e ctric form support b eams4hat-tie 
b olo w oaid in terconnect li n es and e ncas e at l e ast-e no of said conducting v i a . 

Claim 12. (currently amended) A closed air gap interconnect structure 
comprising: 

a substrate; 

a first sacrificial dielectric coated on said substrate, said first coated sacrificial 
dielectric having therein a patterned set of support regions by lithography and filled and 
planarized with a robust line support dielectric, said first sacrificial dielectric having 
therein contact via holes patterned by reactive ion etching; 
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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31 , 2006 

a second sacrificial dielectric and an optional hard mask layer disposed on said 
second sacrificial dielectric coated on said first sacrificial dielectric, said second 
sacrificial dielectric and said hard mask having lithographically patterned line trenches; 

a thin conformal dielectric passivation liner layer deposited on said contact via 
holes and said line trenches; 

a conductive material filled into sard line trenches and said via holes and 
planarized such that top of the filled conductive material is substantially coplanar with 
the top surface of said hard mask; and an optional conductive material cap disposed on 
top surfaces of said conductive material filled into said trenches; 

an optional first dielectric cap layer disposed on said hard mask layer and said 
conductive material cap; and 

a stencil with a regular array of holes disposed on top of said first dielectric cap 
layer, wherein said regular array of holes have been transferred into said first dielectric 
layer and said hard mask layer by a reactive ion etch process; 

wherein said first and second sacrificial dielectrics have been extracted to form 
air gaps and a second dielectric cap has been deposited to pinch off the tops of said 
regular array of holes in said first cap layer thereby closing off said regular array of 
holes forming said closed air gap interconnect structure; 

said cap layer comprising an array of holes, there being a plurality o f said holes 
disposed over said air gapj 

w fr oroin said r e g i ons of robu s t li ne support dio l octric fo r m an array of pi l la r s; and 

wh o ro i n sa i d regions of robust lino - support dielectr i c form support booms that l i e 
b elow oaid interconn e ct l in e s a n d encas e at I e 3 s tono of said conduct i ng v i a . 

Claims 13-33. (canceled) 
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U.S. Application Serial No.: 10/666,564 
Preliminary Amendment Dated May 31 , 2006 

Claim 34. (new) An interconnect structure according to Claim 1 , wherein said 
regions of robust support dielectric form an array of pillars. 

Claim 35. (new) An interconnect structure according to Claim 1 , wherein said 
regions of robust support dielectric form support beams that lie below said interconnect 
lines and encases at least one of said conducting via. - 
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